The pulsating blood flow in the caudal arteries of anaesthetized mice, detected by means of a photoconductive cell, is interrupted by increasing the pressure in a cuff fixed around the tail. Except for the anaesthetizing, the determination of blood pressures by this method requires little time and training. Le saignement de la queue de la souris est interrompu par l'augmentation de la pression, dans une manchette, appliquee autour de la queue. A l'aide d'une resistance sensible a la lumiere, la circulation du sang est detectee.
BOTER AND MULLINK the abdominal artery of a mouse with a polyethylene tube which could be connected to a pressure transducer through the skin: the animals could be kept alive for some months. This direct method is very difficult to apply, and certainly is not suitable for use with groups of mice.
Several methods have been developed for indirect measuring of blood pressures of rats and mice, all involving a sphygmomanometer, and a pressure controlled cuff round the animal's tail to stop the blood flow through it. The arterial pulse in the tail can be detected in several ways, and many methods are based on the use of a plethysmograph (Van Proosdij-Hartzema, 1954 , 1965 Williams, Harrison & Grollman, 1939) . The tail is placed in a waterbath and its swelling, resulting from the blood supply at the systolic endpoint, is measured by the rise of the meniscus in a capillary, or by fixing a straingauge to the tail. Dowd & Jones (1968) have applied this latter method to 2-day-old rats.
A simple, fast and accurate technique using a microphone to detect the moment of systolic endpoint, was described by Friedman & Freed (1949) .
Transillumination of the skin to permit microscopical examination of the blood flow through the vessels and direct observation of the moment of interruption of flow, was used by McMaster (1941) and Algire (1954) . The principle of detecting the arterial pulse by the use of a photoconductive cell and a beam of transmitted or reflected light has been applied by several investigators.
As early as 1934 such a method was described by Bonsman (1934) , using rats and mice. Neither he, Ben-Ziv, Weinman & Sulman (1964) , nor Weinman, Bicher & Levy (1960) compared the results of their methods with those of a direct method using the same species. Blood pressure values obtained by several investigators varied from 84 to 129 mm Hg for indirect methods, and from 85 to 132 mm Hg for direct methods, so that a direct comparison is essential. Much work in this field of comparative measuring, using rats, has been done by Van Proosdij-Hartzema (1954 , 1965 . Further applications of an indirect method are reported by Hermansen (1970) and Swales & Tange (1970) . They used a photocell and a beam of reffected light to detect arterial pulses in rats.
The method described here has been developed for mice, and is based on a beam of light transmitted through the tail and a receiving photoconductive cell. The application of a sphygmomanometer and a simple oscilloscope obviates the need for much operational skill in applying the technique.
MA TERIALS AND METHODS
A cuff (Fig. 1 ) in which the pressure can be regulated is fixed around a mouse's tail. By means of a photoconductive cell in a bridge circuit, illuminated through the tail by a small electric lamp, the pulsations in the arteries of the tail are converted into an electrical signal. After being amplified and filtered, this 8 7 Fig. 1 . Block diagram of the measuring device for indirect blood pressure determinations in the tail of a mouse. 1 pressure cuff; 2 lamp; 3 photocell; 4 bridge circuit; 5 amplifier; 6 filter; 7 oscilloscope; 8 bellows; 9 buffer vessel; 10 pressure valve.
signal is displayed on an oscilloscope. With the aid of bellows, the cuff pressure can be increased by way of a buffer vessel and a regulable pressure valve. The cuff will then stop the blood flow in the arteries of the tail and at the same time the signal on the oscilloscope screen will disappear. The cuff pressure (p 1) at which this occurs is measured by means of a mercury manometer. By further increasing the cuff pressure, and thereafter decreasing it slowly by loosening the screw on the bellows, a 2nd pressure (p 2), differing from p l' will be found at which the electrical signal reappears. After some training it is easy to keep the signal on the oscilloscope screen in view and, at the same time, watch the level of the mercury in the manometer. Fig. 2 shows a photograph of the measuring device. If, after the measurements, the results are to be worked out or stored, the signal can be registered on a pen recorder (Fig. 6) . In this case a 2nd channel is necessary to register the cuff pressure by way of a pressure transducer with a bridge amplifier. Here again p 1 is the pressure at which the blood pulse signal disappears and p 2 the pressure at which it reappears.
Comparative measurements proved that, with respect to the accuracy of the measurements, it makes no difference which of the 2 methods is used. Since the equipment first described is much cheaper, we chose that method for the final measuring device. Because of the great liveliness of the animals, anaesthetizing is necessary. At first we used ether administered by means of a piece of wadding kept under the mouse's nose. A great disadvantage appeared to be the inaccuracy of the dose. Therefore we preferred using a solution of pentobarbitone sodium (120 mg per 125 ml), given intraperitoneally in 2 parts, 1 ml and then 10 minutes later a further 0.5 ml. The influence of this narcotic on the blood pressure of healthy mice was determined by measuring the blood pressure during the entire period of anaesthesia until the mouse became conscious again. No significant differences were found. Unlike ether, pentobarbitone sodium decreases the blood flow in the tail. This happens to such an extent that determination of blood pressures by the method described is almost impossible. This difficulty was resolved by placing the mouse in an environment with a temperature of about 33°C for at least 30 minutes (by placing a lamp over the cage) before starting the determination of the blood pressure, so that blood flow in the tail increases in order to regulate the body temperature of the mouse. During measurements, warming is continued by a lamp placed over the measuring device. The effect of this warming on the blood pressure of healthy mice has been determined by measuring the pressure as a function of environmental temperature.
As a result we found that blood pressure is little if at all influenced by variations in environmental temperature between 28 and 36°C. These results agree with those obtained for rats by Ben-Ziv (1964) .
Thus to ensure the most reliable and comparable results, the mice should be warmed for at least 30 minutes before administration of the 1st dose of pentobarbitone sodium; the 2nd should be given after 10 min and, finally, blood pressure should be measured while still warming the animal.
Description of equipment
Pressure circuit. The pressure cuff (Fig. 3) has been constructed according to the principle of Gartner (Breuniger, 1956; Gerold & Tschirsky, 1968) ; it is a metal cylinder enclosing a thin rubber tube. The ends of the tube are led over the edges of the cylinder and fixed by means of pieces of elastic.
To accommodate different diameters of mouse tails, the cuff has been made with a length of 10 mm and an inner diameter of 4 mm. It is connected to the pressure circuit by means of a metal pipe (internal diameter 2 mm). The cuff pressure is measured with a mercury manometer, as used for indirect blood pressure measurements in man. The cuff pressure can be increased by means of the bellows connected to the blood pressure meter. A buffer vessel is used to obtain the desired pressure easily; the volume of this vessel is such Blood pulse transducer. The transducer (Fig. 3) consists of a small brass block with an opening for the tail. A photoconductive cell and a small lamp are mounted opposite to each other and perpendicular to the opening for the tail. Body vibrations caused by breathing and so forth will cause a 'noise' which affects the measurements un favourably, but when the tail is fixed properly such vibrations are largely suppressed.
However, blood flow must not be obstructed, so that it is necessary to allow for different tail diameters.
Therefore we made the tail opening conical, with a diameter diminishing from 3 to 2 mm along its length of 30 mm. To obtain an optimum fixation of the tail, the transducer can be moved along the tail. This enables a position to be chosen where an optimum signal can be obtained, fixing the transducer there by means of a screw.
Electrical circuit. The diagram of the electrical circuit is shown in Fig. 4 .
The light-detecting part of the blood pulse transducer is a cadmium sulphide photoconductive cell with a resistance of about 2.5 kQ, if illuminated through the tail by the small lamp. The photoconductive cell has a peak spectral response at a wavelength of 0.735~m (7350 A), the small lamp has an intensity of light of 0.15 Cd. The photoconductive cell is part of a bridge circuit.
The quantity of light transmitted through the tail differs from mouse to mouse.
To obtain an optimum signal, it is possible to balance the bridge by means of potentiometer Rv and a galvanometer. The amplitude of the output signal of the bridge varies between 4 and 10 m V peak to peak. The pre-amplifier amplifies this signal about 30 times.
A filter is used to suppress, as much as possible, disturbing signals caused by breathing and other body movements.
The values for this filter have been T, tim T6 = 2N3707
.SV derived from the extreme values of the heart-rate of mice, which varies from 500 to 800 beats/min, corresponding to 8.3-13.3 Hz. The signal from the transducer is almost sinusoidal, so that it can be stated that the greatest frequency content of the signal is between 8.3 and 13.3 Hz. Accordingly, the -3 dB points of the filter have been chosen at 6 and 15 Hz. To avoid oscillation effects, a filter with a flat response has been chosen.
It consists of 3 stages of high-pass filters followed by 3 of low-pass filters (Butterworth, see Bach, 1960; Guillemin, 1957) with slopes of 18 dB per octave.
Signals caused by breathing will be attenuated for about 15 dB. The output signal of the filter differs from mouse to mouse, varying from 100 to 300 mV peak to peak, so that a simple oscilloscope can be used as an indicator.
Comparison of tail pressure measured indirectly with carotid pressure measured directly
Previously it had been ascertained that the pressure PI (measured by increasing cuff pressure) differs from the pressure P 2 (measured by decreasing cuff pressure).
For every mouse, PI is higher than p 2' To determine the relationship between the actual blood pressure and the indirectly measured pressures, and to find which of the pressures (p 1 and p 2) approximates the actual blood pressure best, a number of experiments were performed throughout which, in a number of mice, direct and indirect blood pressure measuring was simultaneous.
After placing the mouse in the measuring device described above, a catheter was introduced into the carotid (Van der Meer & Van Bekkum, 1959) . Through a pressure transducer connected to the catheter, a pressure curve like that in Fig. 5 was recorded on one of the channels of a multichannel pen-recorder (Hewlett Packard 7708B). In order to be able to compare the indirectly-measured blood pressures with the mean carotid pressure, the latter was registered on another channel by way of an integrator. Cuff pressure was registered on a 3rd channel by connecting the cuff to a pressure transducer (Statham P23dB) .
The 4th channel of the pen-recorder was used to record the blood pulse signal. In this way a large number of recordings were obtained (Fig. 6) . At moments t1 and t2 the maximum and the minimum carotid pressure, the mean carotid pressure and cuff pressures P 1 and p 2 were read off .
.. The amplitude of the carotid pressure curve was found to decrease with time, probably because of a reduction of the catheter resonant frequency due to the sediments accumulating at the catheter tip. By flushing the catheter with some physiological salt solution, the original amplitude could be obtained once again. The catheter used was of 0.8 mm internal diameter and 0.4 mm inner tip diameter.
The resonant frequency of the catheter filled with a physiological salt solution was found to be 60 Hz. Clearly, large parts of the carotid pressure curve do not represent the systolic and diastolic blood pressure. Therefore, the mean carotid pressure was used for comparison with the indirectly measured pressure. could be determined over a limited range only. Table 1 gives correlation coefficients r, standard deviations s and functions y=f(x) of the graphs; indications a, band c refer to the graphs of Fig. 7 . Fig. 8 shows the result of an experiment by which it was confirmed that the caudal arteries had closed entirely when the blood pulse signal disappeared, . ,.
afld' re-opened at its reappearance.
The lower curve (a) represents a directcurrent-coupled registration of the signal which can be derived directly from the bridge circuit with the photo-conductive cell. The upper curve (b) is the output signal of the bridge amplifier and, therefore, the amplified and filtered version of curve a. A shift of curve a in the direction of curve b indicates that the phototransducer detects less light, indicating swelling of the tail caused by filling of the tail vessels posterior to the cuff. This swelling is due to the veins closing at a much lower cuff pressure than the arteries, so that no blood can escape from the tail beyond the cuff pressure. When the cuff pressure reaches the level at which the blood pulse signal disappears, the curve shows clearly that the tail stops swelling, confirming that the caudal arteries are also completely occluded. When the cuff pressure is then decreased, the tail starts swelling again at the moment when the blood pulse signal reappears-when the caudal arteries reopen.
After a further decrease of the cuff pressure, the veins also open and the tail swelling disappears.
DISCUSSION
From the results obtained it can be seen that, within the measured range, there is a linear relationship between the indirectly measured tail pressures, P 1 and p 2, and the actual mean carotid pressure.
The calculated functions argue a good correspondence between the 2 measured pressures.
Therefore, if it is assumed that the mean caudalis pressure runs parallel with the mean carotid pressure-and
Van Proosdij-Hartzema (1965) states that for rats these pressures are identical-the same can be said for indirectly measured pressures P 1 and p 2 and the actual mean caudalis pressure.
The graphs of Fig. 7 show that p 1 always exceeds the mean carotid pressure and that p 2, broadly speaking, equals it. Fig. 8 shows that the caudal arteries close at cuff pressure P1
and open at cuff pressure P 2, where p 1 exceeds p 2' Similar results are described in a report by Van Proosdij-Hartzema (1965) using the liquid-plethysmographic method for unanaesthetized rats. That report shows that the difference between the 2 indirectly measured pressures, P 1 and p 2, is caused mainly by the muscle tone of the artery wall of the caudalis.
Van Proosdij-Hartzema furthermore shows that elimination of the muscle tone of the caudal is wall (for example by drugs) makes p 2 equal to P l' The change of p 1 can be neglected.
Accordingly, in those cases where the muscle tone of the caudalis wall may change during experiments, p 1 has to be used.
To ensure reproducibility of determinations in the mouse, the pressure cuff should always be fixed in the same position around the animal's tail, to avoid any change in the 'constant' in the relationship between the actual blood pressure and the measured tail pressure.
]f the blood pressure must be known accurately and absolutely, the method described, like all methods based on pressure cuffs, is not suitable.
However, by this method the absolute values of any changes in blood pressure can be determined accurately and quickly, and measurements can be made at different times in the same mouse.
